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We apply to a spherically symmetric system a time evolution equation from which an exact solution of
the Navier–Stokes equation has been obtained (Muriel, 2011, 2014). The radial density and temperature
of a gas is calculated. This analytic solution may be used as a new speculative theoretical study for peri-
odic implosions applicable to fusion.
 2015 The Author. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).The problem of confining plasma to ignite fusion has always
been difficult, and is best expressed by Lawson’s triple product of
density, temperature and confinement time [1]. In this Report,
we introduce a theoretical model that allows an analytic descrip-
tion of implosion from an exact solution of the Navier–Stokes
equation. We propose analytic expressions for the density,
momentum and pressure up to a presumed time of nuclear ignition
of a gas or plasma. The practical choice of the ignition process is
not our concern at this time. We restrict ourselves to fundamental
fluid dynamics before any hypothesized ignition. Our assumptions
may not correspond to engineering realities yet, but our analytic
approach may find some future use.
We apply our results from the exact solution of the Navier–
Stokes equation from [2,3] to the case of a spherically symmetric
system. The transcription from the 3D Cartesian formulation to a
spherically symmetric geometry may easily be done by rewriting
the time evolution of the one-particle distribution function f(r, p,
t) from [2,3] which explains all conventions and detailed
simplifications.
For an initially uniform system filling a sphere of radius R we
find
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and u(p, 0) is the momentum distribution of the particles at initial
time t = 0.
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where es2Lo ¼ eps2m @@r . Instead of the
former pair-potential of earlier works [2,3], we introduce the
spherically symmetric expression V r  r0ð Þ ¼ gexp a r  r0ð Þ2
 
inspired by spherically symmetric gravitational systems. We adopt
as simplification two shells at distance r and r0 from the origin
which repel or attract each other with this assumed potential.
The shells are confined to a sphere of radius R. The constant g
absorbs all geometrical constants from the spherical symmetry of
this model. We can evaluate all integrals in
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. We pick the initial momentum
distribution for this example as u p;0ð Þ ¼ dðp p0Þ which acts as
the driving momentum toward the center. Other initial data may
be used, with far longer results to be published later [4]. Given
our initial data, the maximum density does not occur at the center,
but near the center. The kinetic energy, temperature
( 23k kinetic energy) where k is Boltzmann’s constant, and pressure
(4  kinetic energy) maximize at the center.
When the model is made more realistic, including a determina-
tion of the effective coupling strength g, and a more appropriate
Fig. 1. Density as a function of time and radius.
Fig. 2. Kinetic energy and temperature as a function of time.
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determine a confinement time from the resulting plots,
Figs. 1 and 2, for example, that would make Lawson’s triple product
calculable. Adjustable parameters are set to unity. The analytic
expressions for the field variables density, momentum and kinetic
energy cannot be valid for all times, a typical difficulty of time evo-
lution equations which do not treat physical boundaries realisti-
cally, specular reflection at R, for example. This is not
bothersome as the intent is not to model one-cycle, but repeatable
implosion.
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